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ABSTRACT

The study area of Chhattisgarh, known as rice bowl of India is rich in mineral resource. This has made 
cultivation of rice and coal-based iron and power industries run simultaneously. The industrial release 
fly ash comes to the cultivated soil. The microorganisms especially decomposers are very important with 
regard to the fertility of the soil. The present study therefore, focuses only to understand the effect of 
fly as on growth of some soil fungi. These fungi were isolated from crop field affected with the fly ash, 
while pure fly ash was added as media supplement obtained from power industry located in Korba. 
Simpson diversity index with 0.090 indicates a low diversity of fungi in the study area. P. chrysogenum has 
maximum growth (142.13%) in the low concentration (10 mg L-1) of fly ash followed by C. lunata and A. 
niger, while increased concentration showed mixed findings that support and also suppress the growth 
of some fungi. The ANOVA comparison (P = 0.035) therefore indicates the different effect of fly ash on 
fungi. From the findings it is concluded that the affected crop field soil has a low diversity of fungi but 
the still surviving may adopt it and be showing enhancement in growth while adding fly ash as nutrient.

Highlights

mm A low biodiversity of fungi (Simpson index 0.090) was recorded in fly ash contaminated crop field.
mm The isolated fungi tolerate high concentration of fly ash.
mm The different ash concentration in the medium has different effect on fungal growth (P= 0.035).
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Coal may be a standout amongst the major 
fossil fuels used for the generation of electricity 
in India. The coal-based thermal power plants 
use mostly bituminous coal with low calorific 
value. Furthermore high ash content leads to the 
production of the extensive volume of fly ash 
every year (Alam and Akhtar 2011). In the present 
situation, the whole nation is dependent on coal for 
power generation, this figure might increase further 
in the years to come. The respectable investigation 
has been focused on management and alternate 
use of fly ash in the manufacture of cement, bricks, 
landfilling, fertilizer fill and so on in constrained 
spot. These coal-based power plants generate 

enormous amount of fly ash (Meawad et al. 2010). 
The physical and chemical properties of coal ash 
are impacted towards coal source, moisture, particle 
size, furthermore for the kind of coal-burning 
process (Bhangare et al. 2011).
The utilization of fly ash for soil improvement 
has been advocated for three decades because of 
its ideal physico-chemical properties including 
appreciable amounts of K, Ca, Mg, S and P (Pandey 
et al. 2010a; Ram and Masto 2010). Fly ash contains 
generous amount of trace metals (Cu, Zn, Mn, and 
Mo) and toxic components such as vanadium (V), 
selenium (Se), arsenic (As), boron (B), aluminium 
(Al), Cd, lead (Pb), mercury (Hg) and Cr (Al-Ghouti 
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et al. 2011; Gupta et al. 2002). With this perspective, 
utilization of fly ash to improve agriculture 
productivity would not only be a solution to the 
problem but will also decline the utilization of 
inorganic fertilizers. This has great limitations 
because of the high toxic concentration of certain 
elements and heavy metals clinched alongside fly 
ash (Pandey and Singh 2010).
Most of the studies on fly ash are centered around 
its effect on plant development and productivity, 
heavy metal accumulation in plant and management 
practices to minimize the unfavorable effects of fly 
ash. However, the effect of fly ash on soil fertility, 
soil microbial/biochemical activity and soil nitrogen 
cycling is exceptionally restricted (Pandey and Singh, 
2010). Microorganisms vary in their reaction to the 
rate of fly ash application. In a study, population of 
fungi and actinomycetes diminished with the use of 
fly ash (Nayak et al. 2014) since changes in microbial 
populations and metabolic activities can be identified 
even before the change in soil physico-chemical 
parameters. So, they might be acceptable and on 
time-pointer about soil degradation or improvement 
(Pankhurst et al. 1995). Soil microbes, especially 
mycorrhizal and saprophytic fungi, beneficial 
bacteria such as Rhizobium and plant growth 
promoting rhizobacteria (PGPR) acts as a major part 
in soil activities (Miransari and Mackenzie 2011). 
Arbuscular mycorrhizal fungi (AMF) promotes 
plant growth, encourages supplement take-up and 
enhances plant resistance to unfriendly conditions 
(Kaya et al. 2003; Labidi et al. 2012). On the other 
hand, saprophytic fungi (decomposers) have a 
fundamental function in soil and plant litter nutrient 
cycling in terrestrial ecosystems (Hättenschwiler et 
al. 2005). So, the present study aims to find out the 
effect of fly ash on the growth of some fungi isolated 
from ash contaminated soil.

MATERIALS AND METHODS
The fly ash was collected from bricks manufacturing 
industry situated near the agriculture land site. The 
fly ash was collected from the surface of the site and 
soil sample was collected from a depth of 5-10cm. The 
collection site is situated 4 km from the laboratory of 
research centre (Department of Biotechnology, Govt. 
Digvijay College Rajnandgaon). The fly ash and soil 
sample were brought to laboratory into the sterile 
plastic bottles The microorganisms were isolated 

from soil using serial dilution method in which 1g 
soil sample was diluted to 10ml distilled water and 
diluted serially to 10-1, 10-2, 10-3, 10-4 and 10-5. The 
microbes were isolated from 10-5 dilution on the agar 
plate. The pure cultures were maintained in agar 
slant for further use. Isolated fungi were mounted 
with Lactophenol cotton blue and observed under 
microscope (Binocular compound microscope made 
by labomade). The fungi were identified using 
available literature (Nagamani et al. 2006; Ellis 
1971; Barnett and Hunter 1998). The isolated fungal 
species were subjected to find its diversity. Percent 
frequency was recorded and diversity index was 
recorded using Simpson and Shannon methods.
The effect of fly ash on the growth of some fungi 
was investigated using the supply of different 
concentration of fly ash on media supplement of 
fungi in 150ml conical flasks. A control was used to 
compare the value of test fungi. The concentration of 
10, 100 and 1,000 mg L-1 of fly ash was dissolved in 
vol/vol concentration of 50 ml Potato dextrose broth 
culture medium. Then the media was sterilized for 
15 minutes at 15lbs pressure. After sterilization, 72 
hr old fungal broth inoculum was transferred to 
medium. 1ml inoculum was aseptically transferred 
to each replicate. All the setup was maintained 
in triplicates. Then the flasks were incubated at 
30°C for 7 days. The methodology was adopted 
from Mahish et al. (2015) with little modification 
replacing fly ash in the place of heavy metals. After 
incubation, mycelium was filtered using muslin 
cloth and allowed to (dry) in the oven for 8 hr at 
80°C. Tolerance of fly ash by fungi was calculated in 
Tolerance Index (Ti) by measuring the Dry Weight 
(DW) of fungi (Fomina et al. 2005). The results were 
presented in tables and figure. The triplicate data 
was analyzed for mean and standard error. One 
way ANOVA was performed for the significance 
of the effect of fly ash on the growth of different 
fungi at P< 0.05.

RESULTS AND DISCUSSION
In the present work, fungi were isolated from crop 
field contaminated with fly ash. The growth of fungi 
was tested against the different concentration of 
ash. The outcome of the work such as biodiversity 
of fungi, the growth of fungi from the different 
concentration of fly ash was presented with the 
help of tables, figures and the statistical summary.
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Biodiversity of fungi

Aspergillus niger (%F 19.04) was found as the 
dominant fungi followed by Curvularia lunata 
(%F 14.28), Peniciillium chrysogenum (%F 14.28), 
Penicillium sp. (%F 14.28) and Rhizopus sp. (%F 
14.28). In total 21 colonies belonging to 09 species 
were detected. Diversity index was calculated and 
it was found as 0.090 (Simpson diversity index) 
with dominance index of 0.909, while Shannon 
diversity index was recorded as 3.01 (Fig. 1). The 
Simpson diversity index ranges from 0 to 1. Closer 
to 1 indicates high diversity and it is never negative. 
In the present study, 0.090 indicates a low diversity 
of fungi in the study area. The Shannon diversity 
represents the proportion of species abundance in 
the population. It is maximum when the all species 
occur in similar participation in diversity and is the 
lowest when the sample contains one species. So the 
high value represents the more diverse community. 
In the present study, value of 3.01 indicates the 
participation of all the species in the study area.
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Fig. 1: Biodiversity of fungi from fly ash contaminated crop 
field soil

N=21, Simpson Diversity index = 0.090, Dominance index = 0.909; 
Shannon index = 3.01

Effect of fly ash on growth of some soil fungi

Based on the diversity, A. niger, Rhizopus sp., C. 

lunata, P. chrysogenum and Penicillium sp. were 
screened for further study. These fungi were tested 
against 10, 100 and 1,000 mg L-1 concentration of 
fly ash. Biomass of mycelium is presented in table 
1. P. chrysogenum has maximum growth (142.13%) 
in the low concentration (10 mg L-1) of fly ash 
followed by C. lunata and A. niger. At increased 
concentration (100 and 1,000 mg L-1 of fly ash) P. 
chrysogenum, Rhizopus sp., and A. niger showed 
tolerance against fly ash, while least growth was 
observed in Penicillium sp. (Fig. 2.).
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Fig. 2: Tolerance Index (Ti) of fungi in presence of different 
concentration of fly ash

The mean of the biomass obtained from all the 
fungi and from all the concentrations was subjected 
to one way ANOVA at significant level P 0.05. The 
P value was obtained 0.035, which is lower than 
the table value indication. There is significant 
difference between biomasses of fungi treated with 
fly ash in the medium supplement. The fly ash is 
generated from industries and spread as per the 
wind direction. The fly ash also gets deposited 
in the crop fields. The soil of the crop field may 
enrich by the deposition of fly ash or may pollute 
by huge deposition in continuation basis. It is 
greatly based on the chemistry of soil and growth 
of microorganism responsible for the solubility of 
nutrients (Pandey and Singh, 2010; Nayak et al. 
2014). The present study dealt with the growth 

Table 1: Growth of some soil fungi in different concentration of fly ash. Dry weight of fungal mycelium (Average 
of triplicate) Mean ± SE

Sl. No. Concentration A. niger Rhizopus sp. C. lunata P. chrysogenum Penicillium sp.

1 Control 0.418 ± 0.005 0.245 ± 0.003 0.339 ± 0.011 0.337 ± 0.017 0.277 ± 0.000

2 10 mg L-1 0.416 ± 0.003 0.229 ± 0.003 0.405 ± 0.003 0.479 ± 0.008 0.149 ± 0.009

3 100 mg L-1 0.326 ± 0.008 0.216 ± 0.005 0.234 ± 0.006 0.298 ± 0.012 0.022 ± 0.013

4 1,000 mg L-1 0.269 ± 0.004 0.206 ± 0.010 0.007 ± 0.004 0.294 ± 0.016 0.003 ± 0.003

ANOVA at P 0.05, F= 3.439, P= 0.035.
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of soil fungi related to the fertility of crop field at 
different concentration of fly ash. The growth of 
Penicllium chrysogenum and Curvularia lunta was 
found more than the control at low concentration of 
ash (10 mg L-1) indicating the presence of enrichment 
of nutrients in the medium as previously recorded 
by Singh et al. (2012) and Parab et al. (2013).

CONCLUSION
The economy of the country like India is principally 
in view of agriculture. The production of crop 
gets influenced by many reasons; ecological 
contamination is one of them. The present study 
reports a low biodiversity of soil microorganism 
is not a decent sign. While a few fungi may 
adopt on it and furthermore develop well in 
the low concentration of fly ash however, a 
high concentration was found diminished in the 
microbial development. So the use of small quantity 
of fly ash may enhance soil fertility, on the other 
hand, a higher concentration could be toxic to 
beneficial microorganisms.
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